Numerous studies have showed an improvement in symptoms characteristic of borderline personality disorder (BPD) when mindfulness-based interventions were integrated into the daily lives of individuals with BPD. Although these studies have examined the etiology and diagnostic prognosis of BPD, and have discussed the use of mindfulness-based treatments, few researchers have attempted to interpret the neuroscientific findings, which have showed an increase in gray matter in key areas of the brain in clients with BPD who engaged in mindfulness practice. Some clients who had originally met a minimum of five of the DSM-IV-TR diagnostic criteria for BPD no longer did so upon engaging in mindfulness-based treatment. This article highlights the efficacy of mindfulness-based interventions with an emphasis on meditation, which leads to overall better psychological functioning in clients with BPD in three key areas: impulsivity, emotional irregularity, and relationship instability.
B
orderline personality disorder (BPD) was first recognized in the DSM-III (American Psychiatric Association, 1980) . BPD is a mental health condition characterized by four distinct features: emotion dysregulation, impulsivity, relationship instability, and distorted self-image. It is suspected that childhood trauma may lead to mood irregularity and interpersonal instability (Eckrich, 1985; van Dijke, Ford, van Son, Frank, & van der Hart, 2013) . Environmental factors yielding the diagnosis of BPD contribute to neuroanatomical changes and include experiences of trauma such as parental loss, neglect, abuse, or rejection ( Johnson, 1991; Lis, Greenfield, Henry, Guilé, & Dougherty, 2007) . For example, sexual and physical abuse during childhood correlates highly with a BPD diagnosis (Hong, Ilardi, & Lishner, 2011) .
Personality disorders such as BPD are often seen as the most challenging to treat; therefore, many clinicians avoid such clients. This article discusses neuroimaging findings with regard to BPD and its symptoms, focusing primarily on meditation as a mindfulness-based intervention that is a significant adjunctive therapy to psychotherapy. Mindfulness is a state of being in the present moment, with purpose, and without judgment (Kabat-Zinn, 1993) .
BPD PREVALENCE
BPD has consistently been found to be the most common of all personality disorders, with estimates ranging from 1 percent to 2 percent of the general population, and some researchers have suggested that BPD rate can be as high as 6 percent (Rizvi, Steffel, & Carson-Wong, 2013; Zanarini, 2012) . Approximately 10 percent of the population is diagnosed with at least one personality disorder (Zanarini, 2012) . Many people with a personality disorder (an Axis II diagnosis) also suffer from a clinical syndrome (Axis I diagnosis), which is harder to treat because of social dysfunction and associated risks of personality disorders (J. E. Grant, Flynn, Odlaug, & Schreiber, 2011) . Although the personality disorder may be the cause of the Axis I diagnosis (more studies are needed to support this; see J. E. Grant et al., 2011; Zimmerman & Mattia, 1999) .
As a client with BPD approaches later adulthood, the symptoms of BPD decrease (Kreisman & Straus, 2010) . Kreisman and Straus (2010) attributed this decrease in symptoms to the client with BPD maturing or learning how to better cope with the symptoms. Another study found that approximately 86 percent of clients with BPD achieved sustained relief from their symptoms more than 10 years after treatment, and half of those achieved sustained relief within the first two years (Kreisman & Straus, 2010) . Katsakou et al. (2012) found evidence that confirmed just under 50 percent of patients who originally met diagnostic criteria of BPD no longer met these criteria six years later, and after 10 years only 26 percent of patients met these criteria. Paris (2009) found that by the age of 50, 90 percent of clients with BPD improve or recover, and no longer meet diagnostic criteria for BPD. According to Mason and Kreger (2010) , longitudinal studies have showed a promising prognosis for those with BPD. Overall, these studies have suggested that some clients who had originally met a minimum of five of the DSM-IV-TR (American Psychiatric Association, 2000) diagnostic criteria no longer met the diagnosis upon engaging in mindfulness and evidence-based treatments. Clients with BPD appeared more capable of engaging in healthy relationships, were less impulsive, and had a more stable mood (Baerentsen, Hartvig, Stodkilde-Jorgensen, & Mammen, 2001; Bedics, Atkins, Comtois, & Linehan, 2012; Brambilla et al., 2004; Katsakou et al., 2012) .
MEDITATION AND EMOTIONAL IRREGULARITY
Meditation promotes a state of psychological wellbeing (Hill & Updegraff, 2012) . Hill and Updegraff (2012) found that meditation influences awareness of one's emotional experience, in turn improving emotional regulation, which then decreases severity of BPD symptoms (Hill & Updegraff, 2012) . Studies using these treatments suggested that those who practice meditation are more open to experience, have a better internal state of awareness, and are able to regulate their emotions more effectively (Barnes, Brown, Krusemark, Campbell, & Rogge, 2007) . Bedics et al. (2012) found that study participants with BPD who practiced meditation had a more positive intrapsychic change and felt a greater self-affirmation, self-love, and self-protection and less self-scrutiny during treatment and at the followup one year later (Bedics et al., 2012) . Sachse, Keville, and Feigenbaum (2011) assessed 22 participants in an eight-week adapted Mindfulness-Based Cognitive Therapy (MBCT) intervention and found that MBCT is effective in attentional control. Williams, Duggan, Crane, and Fennell (2006) have also found MBCT to be effective in decreasing suicidality by teaching clients how to cope better in times of crisis.
BIOLOGICAL MEASURES OF BPD
Studies examining the biological contexts suggested that meditation activates both hemispheres of the brain, increasing functioning of regions that deal with emotion regulation (Shao & Skarlicki 2009 ). New, Perez-Rodriguez, and Ripoll (2012) found consistent disparities between the individuals with and without BPD in studies using structural brain imaging. Specifically, they found a loss of gray matter in the anterior cingulate gyrus, hippocampus, orbital frontal cortex, and amygdala (Hazlett et al., 2005; Minzenberg, Fan, New, Tang, & Siever, 2008; New et al., 2012; Tebartz van Elst et al., 2003) . Lis et al. (2007) found that the hippocampus and amygdala were as much as 16 percent smaller in clients with BPD when compared with those of individuals without BPD. Findings from this study suggested that clients with BPD suffered a hippocampus reduction of between 13 percent and 20 percent (Lis et al., 2007) ; other research has also found reductions in the size of the amygdala of between 8 percent and 24 percent among clients with BPD (Brambilla et al., 2004; Schmahl & Bremner, 2006) .
Emotion Regulation
Minzenberg et al. (2008) used functional magnetic resonance imaging (fMRI) to observe alterations in the amygdala and anterior cingulate cortex when clients with BPD are exposed to pictures of emotional stimuli. Twelve unmedicated participants with BPD and 12 healthy controls were used. The findings concluded that there was an increased response in the amygdala when shown fearful faces. The anterior cingulate cortex was underactive in the clients with BPD, which suggested there was an abnormal amount of neurons in the circuit regulating emotions. This study was repeated using anatomical MRI on the same participants; findings were consistent. That is, gray matter density was increased in parts of the amygdala and decreased in the anterior cingulate cortex (Minzenberg et al., 2008) .
Self-injury
A study conducted by Niedtfeld et al. (2012) investigated the biological responses subsequent to selfinjurious behaviors that produce a soothing effect. It was hypothesized that affective instability was due to hyperreactivity of the limbic system and a dysfunction in the prefrontal regions. The study examined BPD-affected participants' pain processing and its connection to functional brain structures using fMRI. In addition, the researchers induced negative affect by the presentation of negative visual stimuli and pain with the application of thermal stimuli. The outcome demonstrated differences in the amygdala, insula, and anterior cingulate cortex compared with non-BPD participants. There was an increased negative correlation between limbic, paralimbic, and prefrontal regions. The study provided further evidence on how pain lessens limbic activity in the prefrontal areas and may act as an attentional distractor. This study suggested that individuals with BPD benefit from healthier coping skills, such as the use of meditation, to lessen limbic activity to induce better emotional regulation (Niedtfeld et al., 2012) .
Brain Plasticity and the Use of Meditation
Several studies have suggested that the use of meditation without relying on medication has a significant effect, at the biological level, thanks to the brain's plasticity. Luders, Toga, Lepore, and Gaser (2009) used high-resolution voxel-based morphometry on 22 participants with BPD and 22 control participants and detected that the right orbito-frontal cortex had a significant increase of gray matter among participants with BPD. They also found larger volumes of gray matter in the right thalamus, the left inferior temporal gyrus, and the right hippocampus, whereby indicating that these key regions of the brain correlate with emotional regulation and response control (Luders et al., 2009) . Hölzel et al. (2011) found increases of gray matter in the left hippocampus, posterior cingulate cortex, temporo-parietal junction, and cerebellum in participants with BPD as compared with the control group. These are regions of the brain associated with emotion regulation and impulsivity (which are affected by BPD), as well as learning and memory (Hölzel et al., 2011) .
Long-Term Meditation: Neuroimaging Findings
Vestergaard-Poulsen et al. (2009) used voxel-based morphometry of whole brain MRI to examine 10 healthy participants who engaged in long-term meditation practice versus 10 controls with no meditation experience. Findings showed that sustained attention in long-term meditators resulted in higher amounts of gray matter in the lower brain stem. The medulla oblongata had the greatest increase in gray matter among those who meditated. There was also an increase in gray matter in the anterior cerebellum, left superior gyrus, inferior frontal gyrus, and left fusiform gyrus, suggesting that the structural changes had an impact on autonomous control (Vestergaard-Poulsen et al., 2009 ).
Halsband, Mueller, Hinterberger, and Strickner (2009) also suggested differences in gray matter in brains of long-term meditators (those who had practiced meditation for six months or longer), finding an increase of gray matter in the left superior and inferior frontal gyri, the left fusiform gyrus, the lower brain stem, and the bilateral anterior lobes of the cerebellum (Halsband et al., 2009 ).
Long-Term Meditation and Lower Pain Sensitivity
J. A. Grant, Courtemanche, Duerden, Duncan, and Rainville (2010) found a positive correlation between pain sensitivity, cortical thickness, and meditation practice by studying the difference between Zen practitioners (17 people) and nonmeditators (18 people). Participants were assessed by applying moderate heat pain and then taking fMRI readings. The study concluded that those who meditate were able to withstand pain longer than control participants and had a lower baseline to heat-pain sensitivity ( J. A. Grant et al., 2010) . Longer-term meditation practice (eight weeks or longer) was associated with more gray matter in the anterior cingulated gyrus, the lower area of the somatosensory cortex, and the right hemisphere ( J. A. Grant et al., 2010) . Ivanovski and Malhi (2007) suggested that meditation is effective in the treatment of BPD and reduces suicidal and self-injurious behaviors. In addition, meditation was found to be effective in treating anxiety disorders and depression and reducing substance abuse (though the studies on substance abuse were limited to incarcerated populations). Ivanovski and Malhi (2007) indicated that neuroimaging studies show volumetric and functional changes in key areas of the brain following meditation. There seems to be increased activation in the prefrontal cortex; basal ganglia; hippocampus; left frontal, paracentral, and inferior parietal lobes; right temporal lobe; superior right gyrus paracentralis; prefrontal cortex; and anterior cingulate cortex (Baerentsen et al., 2001; Ivanovski & Malhi, 2007; Lazar et al., 2003; Lazar et al., 2005; Ritskes, Ritskes-Hoitinga, Stodkilde-Jorgensen, Baerentsen, & Hartman, 2003) . Decreased activity was found in the occipital superior gyrus, right occipital cortex, left prefrontal lobe, posterior cingulate cortex, and right central cortex (Baerentsen et al., 2001; Ivanovski & Malhi, 2007; Lazar et al., 2003; Ritskes et al., 2003) .
MEDITATION EFFECTIVENESS IN TREATING BPD

MEDITATION AND PSYCHOTHERAPY
Traditional treatment modalities have been limited in effectiveness with BPD, including psychotherapy (Ben-Porath, Peterson, & Smee, 2004) . Mindfulness meditation is one of the core components of dialectical behavioral therapy (DBT), and several randomized controlled trials (RCTs) have found that DBT is an effective treatment in decreasing BPD symptoms (Ben-Porath et al., 2004) . The integration of meditation into psychotherapy has also increased over recent years (for example, mindfulnessbased stress reduction, mindfulness-based cognitive therapy, and acceptance commitment therapy), and studies have showed benefits to individuals' mental health and well-being (Hawley et al., 2014; HayesSkelton, Roemer, & Orsillo, 2013; Kabat-Zinn, 1993) . Treatment protocols are augmented by meditation as it could be used universally, therefore making it a viable option in integrating with traditional treatment to help decrease BPD symptoms; or for any client presenting with difficulties in emotion dysregulation, impulsivity, and relationship instability. There are various forms of meditation a practitioner can implement, either as homework or within a session. Forms of meditation can be found in practices of mindfulness, vipassana, transcendental meditation, Zen, and Taiost meditation (Baerentsen et al., 2001; J. A. Grant et al., 2010) .
Meditation influences awareness of one's emotional experience, in turn improving emotional regulation, which decreases severity of BPD (Hill & Updegraff, 2012) . Using meditation with or without psychotherapy, clinicians may help clients decrease unhealthy and maladaptive behaviors and live more fulfilling, stable, and autonomous lives. As clients continue to practice meditation, their neural networks will continue to change for the better and maladaptive behaviors will continue to decrease. Longitudinal studies have found a positive correlation between those diagnosed with BPD and the improvement of symptoms when meditation was integrated into a client's daily life (Katsakou et al., 2012; Kreisman & Straus, 2010) .
Furthermore, some findings (Hazlett et al., 2005; Katsakou et al., 2012; Lis et al., 2007) suggested that those who originally met criteria for the BPD diagnosis no longer met the DSM-IV-TR criteria following the incorporation of meditation into one's daily life (American Psychiatric Association, 2000; Halsband et al., 2009; Kreisman & Straus, 2010; Paris, 2009 ). Other studies have showed that clients may no longer fit the criteria simply due to their symptoms decreasing or maturing due to older age (Zanarini, 2012) . Of significant highlight in this article, neuroimaging studies have found significant relationships between clients with BPD who practiced meditation and those who have not practiced meditation, yielding a good prognosis of BPD whereby many of the symptoms abate (Murakami et al., 2012; Sachse et al., 2011; Vestergaard-Poulsen et al., 2009 ).
LIMITATIONS
Shortcomings noted in studies discussed in this literature review included small sample sizes and a change in research design during the course of the study or during follow-ups. Furthermore, participants were not eliminated from the study if they had an Axis I diagnosis comorbid with BPD. There was less of a focal point on the five facets of mindfulness independently (that is, observing, describing, acting with awareness, nonjudging of inner experience, and nonreactivity to inner experience) and more of an emphasis of meditation in its entirety and its relationship to brain structures in BPD-affected participants. We highlight the focus on meditation in this article, but there are hundreds of other methods to foster mindful living (that is, mindfulness-based interventions).
CONCLUSION
There is extensive research that has examined somewhat controversial issues, such as the etiology of BPD, diagnostic prognosis, and the use of mindfulness-based interventions as a treatment option (Samuel et al., 2012; Zanarini, 2012) . Studying these aspects of the disorder has yielded insight into BPD pathology, treatment and interventions, and possibly prevention of BPD. We postulate that clinicians can incorporate aspects of meditation with their clients, especially those who present with cluster B personality traits. The writing is on the wall; the research indicates that meditation practices significantly affect individuals on biological and psychological levels. Meditation as an adjunctive therapy to psychotherapy can reduce BPD symptoms (emotion dysregulation, impulsivity, and relationship instability) to help clients lead a life worth living. As a bonus, it is a cost-effective and handy tool to add to any clinician's toolbox.
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